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Influence of droop control on the dynamic voltage stability of DC grid analysis
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Abstract: Coordinating control strategies of DC grids include master slave control, voltage margin control and voltage
droop control, etc. Droop control could achieve distributed voltage control of DC grid, but the droop coefficients would
influence the stability of the system. A Modular Multilevel Converters (MMCs) based DC grid is investigated. First, the
mathematical model of the MMCs with droop control and its transfer functions are derived. Then, a reasonable value
range of droop coefficients that would maintain the system stability is presented by the Routh criterion. The influences of
selection of droop coefficients in different ranges on voltage stability are analyzed in time domain and frequency domain
respectively. Finally, a four-terminal MMCs based DC grid model is established in PSCAD/EMTDC. The simulation
results verify the correctness of the theoretical analysis, and the analysis method will provide a theoretical basis of droop
coefficients selection for DC grid applications.
This work is supported by National Key Research and Development Program of China (No. 2016YFB0900900).
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Fig. 1 Single-phase diagram of MMC topology

MMC 7EIEFIBATI, A T 4R M d 1)
Fag, BMHRICR AT RN N AP, m
MR B AR R 2 e R R i R S
VRS IR B s, R
dli, —i
(nkdt pk) (1)
X wpn w3500 k Ml (k=a,b,c) b FHFE LT
ik Bk 2T A K AH IR IR Lo AR LK

T MMC (3R FN AT = AR, LT
A E R =AM ICH P L. R,
FAFASF G L R s s HEAH ], o] DA
AR AT A FELAAE b RS RS- 340 2 e, DALk
330 &k AH L IR I =) R .

Uge = Uy +Uy + L,

l% iC
]

- 2
it e
w203

e dg MR g H BRI IR -



-10- @A &R B R

MMC (¥ k A1 _ERAPE LS BN (7R
T EVAR = IEG i Al

N
upk = Z Mpkiusmpki

i=1

N 3)
unk = Z Mnkiusmnki

[

e My I My 53 50008 R (1RSI G o
B, HAEN 1R, FoR PR TFHROCIRES, HAE
0 I, BRI T YIRS thomprs AT thsmns
S R MVEE S AN R B L .
P QF KGN )T LA 2
N 2L, di,,
uﬁg%mmm%ﬁ3w 4)
@) T LUE L, MMC R0 e s K 3h AR
P IR R R PR s DL B B
FHLR T
X @), D R R S
AR AR, IR HAR T d-g AFR R,
ATLAEE] MMC 1R B 00 e SRR 2 0 (5) Y.
Uy, :N”é) + N II(Eisd _idc)dt_zi% %)
6C, 7o\ 4 3 dr
X C PR o) o MMC FREEIIE
i, BB TS u MIF; iy NSRS d 31
H oy ta(S) T A2 MMC ) B H s 23h A
RG] 2 oo

B 2 MMC Efifl i E sh 7S Hr R A
Fig. 2 DC voltage dynamic characteristic model of MMC

1.2 TEIZHIREE
MR N RS, N R A 4

prt
+
P > Q::b

ref
Uy + 1

Tpaes +1

B3 RS, Hohe g w4 e L
WS (R AN B, Py P 43 Wk ot A
WA DRGNS EM, D N FEREG o
BT P RS S, RER N
e=D(uy —uy)+ P —P (6)

& 3 TEITHIZREN
Fig. 3 Structure of droop control

FASTEOL T, N T il R 22 05 T N AL
e=0, FH AT A3 B L H A st AT WA A7 T oy %
HEIPSESawy|

()

ghEf MMC EL 0 B R S AR AR R R 4%
Mg gity, A2 N EEEER T MMC HiR
BRI R G, ik 4 fis. HPp5INT =4
— B GERF IR, F DASERCIN B K5 dg Sl EE R
(0] o BRI IR 4330 MMC E I 0 e 0 255K
T Tonder DIZEMELE BT Ty LA HL AT L
TEFBOTT T ky WECHI RS T, RGN TA]
WAL
2  TEZRHX MMC BEf2E MR 00

2.1 FTERHF MMC BEEE S NEHE S

X1 4 PR RGHAL, wli D)2l A
PN TG TR AN (7] s O 1 I N L (S
T MMC FL3 L 328 11 22 40 10 1 A A% 32 R B50R P30
e e 20y i an =R @) A= (9)

0.75
Ls+1

E 4 TEZFMERAT MMC BEiRBEETH RFEE
Fig. 4 DC voltage control system model of MMC with droop control



F 5%, A NIRRT LV LI B AR U AR E TR RS 23 A - 11 -
ND(k,T,s+1) FPIPRREAE R, rl it AR, e 5
G(s)=— ®) T o
8s (deCS+1)(Y;S+1)7;C0 _— Root Locus
ND(k Ts+1 3 “-5?.__. ---0.'}'__ ..__.u_'%é.:.._q._'ag_.:.-'géa.._d_“ /
H(s)= B ( = ) 9) 1000 F /]
&s (decs+1)(7;s+1)TpC0 + % ost,
ND(k,Ts +1) i
Hﬂﬁ(9)ﬂ?§f%§fﬁ‘] Iﬂ%##?ﬂzﬁ%j;j\] ;:;‘! 0 7&-{1::15;-03: :»se-uai oty T |
S TuT G’ 8 (Ta +T)Cs s § i
8T C,s” + NDk,T.s + ND=0 = rooof"" i
- e Ouenifoot ORL IO
e g ool an g it
RIS, SA0)HIRUE A N 1300 S0 1500 n?::'n 500 0 500
87—;)7:ndc7;C0 >0 Real Axis (seconds ')
8T (T " -I—T,)C0 >0 5 EiRBETERERNEE
872 ( and: ‘T ) C, - Nka T.T 7; . Fig. 5 Root locus of DC voltage control system
> \ , . N .
T +1T V3R 25 256 (R T 3005 W0 5 A 5 4 5
NDK,T, - (D Spmp ks, dl s aam, 2 0<D<14 i,
SND(T.y +T ' T.C AT PR L TSP I 0, 509 I
me ol P2 RO RUT: M ERPONT 14 0, EHIRG AL
8(Toue *T)T,Co = ND T T, FRIERA, RAHLERRRE, RN
ND>0 ZEUER
Hr ) AT A3 3 R R BTG b0 3 T AN TR TR 1 3 R 200 MMC
8k (T +T)T.C, —8(Top + ) G, R R ERE RS . T DU SRS A7
0<D< T TT (12) s, MR R RECh D=1.19, [
p mdetsp

PLZEE A 1500 MVA 1) MMC &80 0651, H3:
IS H. FEERSN SR 1 s,
%1 MMC BER EBEHHSH

Table 1 Part parameters of MMC main circuit

SR ZH
WisE 245 SWMVA 1500
e Hi A Upo/kV +500
IR A5 i 3 A8 /(K V/KV) 525/500
4548 P 3Pt X/p.u. 0.15
P HIHT Lo/mH 100
M 3 LB Ry/Q 1
TR 24 Co/mF 0.8
B RSN 54
T SR I ) R H Thnad/s 0.002
AU HLUR SO T I ) 4 T 0.002
PI 5 HI95 LU IR ORRE 4K K, 8
PT % HIS RU IR 5 I 1) 4L T/ 0.01

B LIRS HARN K (12) 7] LAAF 2R 3 R EEL
(=W
0<D<14 (13)

sl R AT R 2 0<D<<1.19 B, HEHIE
BEHIRGAL TR BEJEARA, MMC B i 4
JEEIAE AR R R, RSN MR
M 1.19<D<<14 Itf, HiHEEHIRG AT RHE
RS, ELTUON A% H s S iR i R, RS
SR E PEA AT 22
2.2 TERHEXT MMC B Ef2E 42 Mm 5 o
T THIAE A R 2 LS 1 R A0 MMC B
FEASE RN .t SCHER[27] 0T &0, RGEIAH f
TR REAEAE IR FTRIE R

PM = atan L (14)
JW1H4ct =282
XA FAT I, LA 3]
¢ tan* PM
6= 16tan> PM +16 (15)
F i =X (15) nT LATS 2IAH A4 B 5 BH JE FR kR 5%
ZAHIHZE, WK 6 B, nTLIE HARMM S SEEE
ZECRIFAHRICR, Bk, EME N 55 2400
JeTEOLE, nTCABAHAMEE WS . Ah, RE
Y T R AL T RGEREA IE X NS S IEE S, mlLL



S12- @A &R B R

VRO, T 5 58 AR GU T AW A L R FE AR o

Lo

049
ITF. ] SETTT
[ SR

0.6

tan .5 renmnmacpanas

T S .

s e s e W
PM
El 6 REiEAMESHERKIE XA

Fig. 6 Curve of relationship between system phase

margin and damping factor

XFRISCIT A S50 MMC, 24 N RN 0.1
I, BN B FER L PR ERIRAR PR an ] 7 PR,
I R 48 B AH f My 'O 37.6°, M IR TE A
16.02 rad/sec.

Bode Di

100
[2a] 1
= P
o 0 feet
-
= :
g 100 f-ori
& :
= : i
o TO N IS B 334 il HETHH I S,
107 10° 1o 107 17 10!
Sflirad/s)
100
~ 150 |-
2 200
B 250 |-
300 PEHE Ll i1 f i
107 107 10" 10° 10° 10
[H(rad/s)
Bode Diagram
20 T Tl 1””!
X602
0 ¥F-3
_20 -
8
o 40 -t
e~
=
5 60
o5
=
-80
=100 -
-120

H il il il 1 HH
10! g iy 10° 10 104
firadis)

B 7 MMC Eift R EmRsnss it
Fig. 7 MMC DC voltage frequency response

Wi 8 B, ik g T 3 R B LA R (K 5

FENFIN T MMC LI s 328 1) 28 48 RO A A1 4
PM RV FER AR o, BETTA W HL RS
SR ARE PR

8 = T T T T
ARARHTE () | I 1.7
TONEE R /(10X rads) === ==~ =4~
25 8 626
r’“____l__él__%____-___ Thedr i
4 | r/, /‘ | |
S0 = rg gﬂ : I_Lq
4{!——%%——[?/’——%——' —— —F——
’ 31
we-2 -7 _ e LR -
2"——“'.5’//”——,//.’——@1‘—“/; ——ir TR0
7 w/) s
I{'___%t__l;"//’_':_/ . o —¥ = =
%6 7 1 | % 7
0 P | I, 1 0.4
0.1 03 L19 5 10 14

8 FRITEAHTERBEEFRFEEFFT
Fig. 8 Frequency domain characteristic with
different droop coefficients

(@) T %, XA LB 2 11 MMIC,
LA F AR 32 B ol B v 2 flU R A G L )
e . WK 8 HhaTLIEH, 4 0<D<I.19 i},
MMC FLi R 3 R G A F AR P UR 2 Y R AR
mZKE, U RS JEBOR. [Rll), BEAE N HER
BHER, RGN 0B H N, e T Hi i
8 LA P AL PR e S R, R AR M AR
7 FABOB R A T, RN TR A
FR BRI S, AR B L L R AP M Bh &S HL
FasE k. 14 1.19<D<14 I, BZ T3R5
Ky RGNIFHAM BB, U0 RS e fEA
LR/ AN -t s o oy NP (SR = s a7 s S MR
FEL DX L 000 4 i 3 e e, AT T B i A
MRS FE G R I AR AL, 3 B LA R Y 1 )
AHREE TR
3 {AEHSH
3.1 (FERE

7t PSCAD/EMTDC H 7 7wl 9 Frosit) 4
Uity B N R, i i A MMC A%
WMBHoeR 8, TESHWE 1 PR, b
TMSIA R HL R o), Bhymish 4 RSPl

ik sz
O— A O
Heifinhi3 Heifistia

9 4 im BN R MR NE
Fig. 9 Four-terminal DC grid topology



o
%%’:ﬁ‘é

I TR B L P Bl s H s RRUE PR R R M ) A - 13 -

FEWER o ELL R, it R H B
R N s, Sl e i A S A T
TR Nl gF R, R BT,
W 3 A N AEPE L 1 R EOH F .
3.2 BAEITHES R

YU E U RGO R AR, SR
ELUN L 350 B REER A e ;s 7 0.6 s B, 4
SEHES 1 A YRS N-0.3 pu., it 2
(KA ThIh %S 0.2 pu., sl 3 A ThIh%
BHAEN-0.8 pu; 7E 1.0s I, Bt 3 1A 1h
RSB E N 0.4 pau.s WIKAEAE] IEUE X 8]
PR I R EOM DA L R T B, et 1 E
L) R TE T 10 B

110
105
z i
H_‘, 1.00
0.95
0.90 L i i L i i i
09 10 11 12 13 14 L5 16 17 I8
s
Wer—r—7 T 1 T T T 1
| | | | | | | |
- | p=s 1 | [ [ | |
S I i 5 = T A E A IR I R
[ ;{mﬁ{ B | | [ | [
5 LA DAL A | | |
£ 100 mmft—‘alk——ff—ul:- AN AR
= | (=14, L | | |
5 [ [ | | | | | |
ARE s Tl TR S B Eel Sl e
[ [ | | | [ | |
| [ | | | | | |
[]‘)l} 1 1 1 1 1 1 1 1
09 10 11 12 13 14 15 16 17 18
1/s
W77 717 T T T 1
| | | | | | |
| | 1D=151 | | | |
Ly = =a==a-=a==~r==r==r—<r—ry 1
| bl I I I Ml
g IAAKAARNAAAANANA L
£ 00 —— RN YA AR A H R AT
-2 | | | | I L' IR TR AT
e | | ] | | I [N |
| | | | | | | |
A e R (i ks il A P (ot
| | | | | | | |
| | . | | | | |
0,90 - - - - - - -
09 10 L1 12 13 14 15 16 17 18
1ls

10 RSN AR TERK TR 1 EREE
Fig. 10 DC voltage of converter station 1 with different
droop coefficients on steady state

M 10 w50, FLURHE PR AEDIRIRN, &R
GEE IR IR T MAER R 0 A XA
WEEC N 3 R BN, RSH AR T e
KB WK ERGE, HMAGR SRS 24
FE5 B 5 B 5 K BRI TA) B 3 R B0,

SRR LR BIRRAS, (H B R A RS AR ¢
75 MAECR B BRBITE ST (1) X (8] Py R 1 R E
REHMBIEY 2 REIRY, Wk ERE, S5l
LT3
3.3 wmubRHIEITIAE S

EL L AR AT I N 2 N-1 ), PR
P2 TEAE A i iR ST T R RO H
MARGH R SREERRm. RESITH, S
et 1 (AT S A 0.3 pu., Heiiinh 2 1)
H Y DhZSHAG 0.3 pou., Bk 3 I DhThE S
ZAEN 0.8 pus 1.0s BFAHimsh 3 38 HHigfT, Kk
FEAN[R) PR EUAELIX ) A SR BT T R 06 DAL R kAT
P30, 2R, 1 Hu i R EE Wil 11 .

W17 1 T T T I
| | | | | | | |
~ | | | | | ] | |
S —=—q=——9——7——T1T——r——r——r "1~
| | : | ] | | |
= | | I | | |
£ 100 g e e
:__'* ] | | |
o I | | |
z 3 1 | | |
! e e e [ T TR
| | | |
I | | |
t]l}(} 1 1 1 1 1 i i i
09 10 11 12 13 14 15 16 17 18
s
110 T
I
|
1.05 T
|
= |
o
2 100
- L | |
= Iy | I |
. I I I I I
095 === =13 - T T==T—~T—~r——r—
| £59y I I I 1 |
I | I I I I |
U(){‘ 1 1 1 1 1 L 1
09 10 1.1 1.2 13 14 1.5 L6 1.7 L8
t's
Wr—T1 ¥ 1 1 T 1 1
1 | | | | | | |
| | | I I I I I
1-”5‘__1__‘:_‘7__7__T__T__T__ET.]T
1 1) I | I Ly AL
g I p=1s lan AR AL
% “m“““miéhﬁq&&%mv%mimmimnﬁﬁm
= 1 f | AR ATRINE
| | I | | | I nvy
68—l A e —p e — e — ]
| | | | | | | |
] 1 | | | | | |
0.90 I | 1 L 1 1 | L
09 LO L1 12 13 14 15 1.6 1.7 L8
1s

11 iRk 3 REEBITR AR TERE T HRIRE 1 EREE
Fig. 11 DC voltage of converter station 1 with different droop

coefficients after converter station 3 quitting out

HIB 11 W] ATt A6 A it d R OB Hs AT Y
TOLT, AU T BAARE e 2 L HL R
AR ST, RGFRG MR, dEm
TECARGU ELIU G R AEAS R A H{E DX TA]
I 3 2R HORE 2 R R R S RLE RS &



_14-

@A &R B R

PN AP A AR ARAR, - AT SE I 2R 48 L3
e s R B A B E T

4 i

AT TR PRI MMC LI HL

P R GARIAL pR 2, SR 57 I e 1

REMS DREF 28 8 LU HEURAGUE 1 3 R EUDUEE -

[l I, 38 o AR I ST b, BEE T AEAN T

HRCAEL DX TA) P R HCT 3 2R 500 LA HL 1Y 3 2 i s A

PERSEI o 24 1 3 R HIN T R GO IR 70 1 1

RYGAHAMEROR, T e REs, HEA T aE

FRBIER, RGERAT G ET I 0, B AR R

b, B RIS A RS PR R, R TE AR

Hold 7 s, RGN EEZETRN, REA

REJEIRES, BEE N EREBIIHIN, ARGk

Seiin, B MRS IEREEA P R R 4

N T R HGE A SO 4 1 BIE v SE H K M

I, RGEFHATELERE, KPR RGEERE

Sk

(1] skmgde, ks, Yr, & JOMURBEX AL L R

AR A A A ], LT R 241, 2010, 30(25):
1-9.
ZHANG Liying, YE Tinglu, XIN Yaozhong, et al. Problems
and measures of power grid accommodating large scale
wind power[J]. Proceedings of the CSEE, 2010, 30(25):
1-9.

(2] WEKR, RBi, @0, & EUE R b E S AR
SrATI]. LT RES R, 2012, 32(13): 7-12.
WEN lialiang, WU Rui, PENG Chang, et al. Analysis of
DC grid prospects in China[J]. Proceedings of the CSEE,
2012, 32(13): 7-12.

(3] ) 4w, B, BRIBEOG. 2 b ELAU A L 5 L R 4
AL A E AL TR 24K, 2013, 33(10): 8-17.

TANG Guangfu, LUO Xiang, WEI Xiaoguang. Multi-
terminal HVDC and DC-grid technology[J]. Proceedings
of the CSEE, 2013, 33(10): 8-17.

[4] TANG Guangfu, HE Zhiyuan, PANG Hui. R&D and
application of voltage sourced converter based high
voltage direct current engineering technology in China[J].
Journal of Modern Power Systems and Clean Energy,
2014, 2(1): 1-15.

(6] @k, 25, RRIER R L 9 1) 5 Ji e LA k5 56
[7]. HLMEAR, 2014, 38(3): 549-555.

YAO Meiqi, LI Naihu. An introduction to European

supergrid and its solutions[J]. Power System Technology,

(6

[7]

(8

[9]

[10]

[11]

[12]

[13]

[14]

2014, 38(3): 549-555.

CIGRE B4-52 Working Group. HVDC grid feasibility
study[R].
Electric Systems, 2011.

PeyB e, s, BEUK, A BT R RS Y
VSC-MTDC NS HISIEHTF[I]. I RGERY 5%
i, 2017, 45(22): 125-131.

HONG Shasha, WU Di, LU Hongshui, et al. Droop
control strategy research of VSC-MTDC based on
high-order system model[J]. Power System Protection
and Control, 2017, 45(22): 125-131.

R, BIGH, Rk, 4 HVDC RZEH MMC it
T PRI []. ), 2017, 45(10): 31-36.
CAO Lemeng, ZHAO Qiaoe, GAO Jincheng, et al.
Research on control strategy for MMC converter in
HVDC System[J]. Smart Power, 2017, 45(10): 31-36.
TR, MRSE, WA, F. ZinERNC RS TR R
ST RoRIE N H[I]. LR H, 2018, 35(6): 24-32.
HUANG Qiang, CHEN Liang, YUAN Xiaodong, et al.
DC distribution
simulation analysis and demonstration application[J].
Distribution & Utilization, 2018, 35(6): 24-32.

E R, MR, R FME R R T
KAyEHl S B g ). B LE AR, 2017, 32(6):
231-239.

LI Guogqing, SUN Yinfeng, WU Xueguang. VSC-HVDC

stability analysis

Melbourne: International Council on Large

Multi-terminal system engineering

and control parameter setting[J].
Transactions of China Electrotechnical society, 2017,
32(6): 231-239.

HERbE, BAR, MR, ERENERAN XA
Dy AR PN RILT). B T RER 2R, 2017, 32(22):
198-206.

HAN Minxiao, ZHAI Dongling, TANG Xiaojun. Model
predictive control of voltage source converter-HVDC
connected to low inertia system[J]. Transactions of China
Electrotechnical Society, 2017, 32(22): 198-206.

TR, ZEMENE. R B A I L P g b R R BB AT R
PEZRAR[)]. FEE ), 2018, 46(2): 87-92.

ZHANG Tian, GONG Yanfeng. Research on transmission
technologies and operational performance of UHV AC/DC
power grid in China[J]. Smart Power, 2018, 46(2): 87-92.
T, Zegker, A, S5 Lot E SRk 2
RG], B H, 2017, 34(8): 2-7.

WANG Ke, LI Jihong, TIAN Jie, et al. Control strategy
of quick recovery system with multi-terminals HVDC
DC fault[J]. Distribution & Utilization, 2017, 34(8): 2-7.
TRk, 4, SN, S GEH TG R R 1 2
FVEEIM ARG HIGE N R RG], B RGE RS



s A
O

T RO LA R R 2 AR (R R 0 A

- 15 -

[15]

5k, 2018, 46(4): 78-85.

XU Jin, JIN Yi, HU Congchuan, et al. DC voltage
adaptive droop control of multi-terminal VSC-HVDC
system for offshore wind farms integration[J]. Power
System Protection and Control, 2018, 46(4): 78-85.

R, EEF. 2 iR R RN T
HISRIE[)]. M BRI, 2017, 32(20): 241-250.

WU Jie, WANG Zhixin. Improved droop control strategy
for multi-terminal voltage source converter-HVDC[J].
Transactions of China Electrotechnical society, 2017,
32(20): 241-250.

[16] BEERTEN J, BELMANS R. Analysis of power sharing

[17]

[18]

[19]

[20]

[21]

and voltage deviations in droop-controlled DC grids[J].
IEEE Transactions on Power Systems, 2013, 28(3):
4588-4597.

ABDEL-KHALIK A, MASSOUD A, ELSEROUGI A,
et al. Optimum power transmission-based droop control
design for multi-terminal HVDC of offshore wind
farms[J]. IEEE Transactions on Power Systems, 2013,
28(3): 3401-3409.

R, Gl 18, B, 4
JER/ K TIREFS ﬁﬂﬁllﬁ?ﬁﬁﬁﬂ
R, 2014, 34(3): 397-404.
YAN Fayou, TANG Guangfu, HE Zhiyuan, et al. An
improved droop control strategy for MMC-based VSC-
MTDC systems[J]. Proceedings of the CSEE, 2014, 34(3):
397-404.

Wb, fEw ok, M. RH B R R
VSC_MTDC FOE M HTI]. MBI, 2015, 39(7):
1808-1813.

HAN Minxiao, XIONG Lingfei, DING Hui. Stability
analysis of VSC-MTDC with voltage droop control[J].
Power System Technology, 2015, 39(7): 1808-1813.

G T MMC £0 Hu'?fi
R0, LT R

X, e, 2R, & —H MMC_MTDC 408
PP R SIS [T]. HEIAR, 2016, 40(1): 64-69.

LIU Panpan, JING Long, WU Xuezhi, et al. A new
coordinated control strategy for MMC-MTDC system
and stability analysis[J].
2016, 40(1): 64-69.

Ay, B, B, BV R — AR T

Power System Technology,

[22]

[23]

[24]

[25]

[26]

[27]

TP ARG 510, 2018, 46(8): 24-30.
LIU Ningning, CAO Wei, ZHAO Jinbin. An incremental
droop control method for DC micro-grid[J].

System Protection and Control, 2018, 46(8): 24-30.
TAO Fen, XIE Zhujun, CHENG lJie, et al. Fast valve

power loss evaluation method for modular multi-level

Power

converter operating at high-frequency[J]. Protection and
Control of Modern Power Systems, 2016, 1(1): 26-36.
DOI: 10.1186/s41601-016- 0015-z

BB, TR, BN, PEE RSB RE M
JERt: MU L H R AL, 2012: 28-32.
WIER. BT MMC {25 EIR T RS RN ETR

[D]. dbxt: B IR, 2013: 48-51.

HU Jing. Research on control method for multi-terminal
DC transmission system based on MMC[D].
North China Electric Power University, 2013: 48-51.
B, WIERE, W, L BLUE 2 AR R AR
HVDC % W 2 G 4% 1 S (], o [ i pL TR 22 4R,
2011, 31(25): 35-42.

ZHAO Yan, HU Xuehao, TANG Guangfu, et al. Control
strategy of modular multilevel converters based HVDC
transmission[J]. Proceedings of the CSEE, 2011, 31(25):
35-42.

EFR, TR, WBIR. AiEEEe M. dbst bl
Bk ok H AL, 2009: 75-82.

B R TR 2 T r s R AR VR A ) B AR

Beijing:

BB AT [D]. dunt: b [ i g R 0T b,
2010: 36-38.

ZHAO Yan. Research on dynamic characteristics and
control strategies of modular multilevel converters[D].
Beijing: China Electric Power Research Institute, 2010:
36-38.

Yrfs HER: 2018-05-21;

{&El HH7: 2018-10-22

EEEIT:

K

7 )

R %1992, F, ML, BAGEHEAE R YA
% 9&; E-mail: wumeng@ncepu.edu.cn
KM 1977—), F, i, BEAZHAIAER, R
% FACTS. HVDC A A8 X K57 ik,

(4 F )



	DOI: 10.19783/j.cnki.pspc.180601 
	下垂控制对直流电网动态电压稳定性的影响分析 
	Influence of droop control on the dynamic voltage stability of DC grid analysis 



